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= Internal structure of a nucleon ~parton
model ~
— discovery of Bjorken scaling law

= establishment of the parton model
= Bjorken x : the momentum fraction of parton

— total momentum fractions for each parton
= U:D:g ~ 36%:18%:46%
= proton spin puzzle

proton spin quark spin  gluon spin  orbital

— Deeply Inelastic Scattering (DIS)
experiment

- AX~25%1?

a Large contribution from gluon Q:u@ O:d( @ Q:s@G) g
polarization ?
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NEENMeasturement

in_Rolarized.p-p_Collisions
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double spin asymmetry : A =

+ o> |([+ =

o)

= gluon polarization Ag can be accessed with
the double spin asymmetry 4;;
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Siberian Snakes

spin direction spin direction
4+ + + — T
Pol. Proton Source 3 — — 4 _|_ collision + — + —
= the world’s only accelerator for O : a bunch of protons (~2 X 10 X protons)

the polarized proton collisions

-p Vs = 200GeV performance at PHENIX
— bunch-by-bunch spin direction is P-ps P

different Year polarization(%) | L,ueyzeq (PB?) | FOM (PL)
A = o,—o, 1 N_,—-RN_ 2005 50 2.5 0.15
o.+o_ FBR N_ +RN_ 2006 57 6.5 0.66
N : yleld of the specific partlcle 2009 57 14[6.1] 1.5 [0.64]
R = . relative luminosity [***]. for heavy quark measurement
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PHENIX (Central Arm region)

polarized-p 7z
100GeV

'SOUTH MUON|

— pseudrapidity: |n| <0.35

7 polarized-p — azimuthal coverage: Ad =2 X 1/2
100GeV  Drift Chamber + Pad Chamber
(DC + PC)

e — tracking & momentum
reconstruction for charged tracks

, | = RICH Counter
EM. Calorimeter — electron identification

CHAMBERS

2010 PHENIX Detector
« Electromagnetic Calorimeter
1 (EMCal)
— energy measurement for electrons
& photons

= Hadron Blind Detector (HBD)
— anew detector for further
electron identification
dore — BG rejection for the electron

| | | A
West B&ﬁi‘iw East measurement
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Current A;; Results at PHENIX

A;; of 70 production A;; of ¥ production
. A,, %% [ —ocRsvsd(G-029) TO05 F
= The most abundant probe in Heob -emomsvacs ¢ op-B g
PHENIX o s QL
- ® 2006 GeV/c
The largest constraint for AG S N R R
] g -7 0.02 e //“
[ aSlew - R R Rl
— uncertainty from fragmentation °r® v
functions since it is a combination of 002 FpRL 10320091012 {
g- g, g-q and g-q reactions - 10,3(, O,O?)?, o 1 @
2 4 6 8 10 [G {7/]
. . . p, (GeVrc) pT. ev/c
A;; of direct y production A;; of direct y production
0.15 )i ENpy Run 6 PHENIX Prelimina
= only g-g in leading order A op | PH ENIX crvmen
: .
— direct sensitivity to size and sign of B e oo st S GBsVesid.-o
AG _0_05§ | Fooeeerene. GRSV G0 |
= no fragmentation effect 04 -
-0.15F 7
02f
_ |OW StatiStICS due tO QED process _025? 8.3% scale uncertainty not included
03= . 1 . oo

6 8 10 12

T
T [GeV
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Current Constraints on AG from 4;, "

. Compare A;;™ with GRSV = Global fitting result of

calculation | Ag(x) with DIS + RHIC data
— GRSV: a model of Ag(x) function
form — node structure ?
- prEfer small AG value significantly constraint region
— small model dependence With the RHIC data .
2 A A A PN
4 dlstrlbutlon on the_qomparlson L xAg 1\ Q
i -_ ;_ I ; —— Stat Only K \ 5/
2 L ' - = +AR - -4 0.2
o R © — 2R F
[ A9 i ¥ SEELR L '
15_ “ ...... -\P E-‘M‘ — 0_1
[ . u? = 4Gey? r 0
10_— :_ _: 0.1
[ AL e NG [ — — GRSV max. Ag S
: "AG==1.05" "AG:U"""Std" :— 1. .1 IGII{1$|\|{|T mifl' lAlgl piaal 1 |'. L1 lli _0'2
s Vv vV m_”(b’ 102 107" 4
-1 . -1theory _OXG 0 (x 0_5 [0. 02 0. 3]) fitting error: Ay?=1 (optimistic)
Zz Z (ALL _AL ) GRSV . . ;
2 Lake Louise Winter Institute 2012 (conservative)
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A;; of Heavy Quark Production

Heavy Quark __ GJ:Q T G:'_Q
" C o+ ol
) jAg ® Ag ® AGU @ D]
[g®g®s69° ¥ ®D§
A;; of heavy quark production

= g-g scattering is dominant process

— direct measurement for the
gluon polarization

— small uncertainty from FF
= hard process due to large mass
— validity of pQCD

= a suitable channel to measure
the gluon polarization

% Lake Louise Winter Ins

proton (pol.)
— , 0
heavy quark
4

gluon 1/2/1,

0
% heavy quark

proton (pol.)

distribution of Bjorken x of gluons

v €, €
05 <prf <15
»oEPYTHIA simulati

1% 5102 (b)
2<p.|.<2.5 GeVic
4<pT<5 GeVic

9<pT<12 GeVic
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= measurement of the heavy quark at PHENIX o
— detect an electron from heavy meson decay
D" > K?° @ single electron .

D’ > K~ 6 K>

= spin asymmetry of the single electron production
— asymmetry of inclusive (Signal+BG) electron production A, 8¢
singlee _ 1 S+BG D _ N:inglee .

L ~ '~ ‘L S+BG °
D NeJr

Signal Occupancy

— BG reduction for large Signal Occupancy is important for the
measurement of the spin asymmetry

photonic electron non-photonic electron
= photon conversion = heavy meson decay
m’(m) - vy, . . D—oet+ X (signal)
Yy — e” e (in material) m - m
= Dalitz decay = Kaondecay: K~ - mv.e~
() — yete” = vector mesondecay:V — ete”
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photonic electron
( electron pair )

single electron

‘7/’ . pairmass~0
¢ Bfield ~0

'

HBD cﬁster charge distribution

—} single e cluster
: merged cluster

w \Hli :'. each histog rams are

= Hadron Blind Detector 0.03] mﬂ75ﬂ/ e V {’”"’””“Z"d as
— gas Cerenkov detector read out with Csl b ?j M’M, integral=1(or0.1)

evaporated GEM T JJM: M,M %'H i

— electron identification o1 Juz"f('; o Pt 1
. — . . . i et 0

= this analysis is the first time of physics o I %%@m%% |

measurement with HBD R U 7 B8 ebarg (p.d

accept

2012/2/25 Lake Louise Winter Institute 2012 11



. / JSPS / RIKEN

measurementorspintasymmetry

of.single_electron.production

s:gnal occupancy
M.g_g _______ T W./___H_B_D _____________________ A SR l ..... ....... T

Signal Occupancy: D
i

Signal Occupancy
[ g —e— 09" (w/ HBD)
0Bt WO HBD —=— 05’ (converter method) |

—m— 5 (cocktail method)

. (previous measurements) TR T |
0.5 ! 15 2 25

P, [Gerc'ﬁ
= Signal Occupancy: D
— the important value for the asymmetry measurement

— increase by about factor of 1.5 from previous
measurements due to the HBD performance
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spin asymmetry of single electron production

A 2009 p-p\s=200GeV
—— singlee . kFeeY———T
%b 0.15 [ ——— ALL ! !
£ 4 [ mmm— syst. scale error from dilution factor ]
< 0.1k syst. error from rel. lum.and A® | i | G N

-0.05 -+ LR TSI SOetes (e O U R =
L g I I
E PH <ENIX L

-0.1 s GeduseRs s preilm | nary \ ........................ , ......... _:
(not mcludmg 8.8% po! scale error) : ]

0.151—55 } E; ; 25 3 [G;eV/c]-
= success of an approach to Ag/g(x) by using the very
clean channel
— A, 59 (05 < p,r < 1.5GeV/c) = (3.1 + 5.55tat 4 5.75Y5t.) x 1073

— estimation of the constraint for Ag/g(x) from the result is on going now

RRR/2/25 " Lake Louise Winter Institute 2012 é




JSPS / RIKEN

Summary

Summary
= Spin asymmetry of single electron production is a suitable
probe to measure the gluon polarization in a proton.

— directly access to gluon property in a proton
— small uncertainties from fragmentation functions

= New detector HBD increases the “Signal Occupancy” by a
factor of about 1.5 compared with previous measurements
« The approach to the Ag/g(x) with the clean probe is

succeeded.
- A, 5M9%e (05 < pr < 1.5GeV/c) = (3.1 + 5.55a 4 5 25Yst-) x 103

Future Prospect
= estimation of constraint on Ag/g(x) from the result is on
going now

2012/2/25 Lake Louise Winter Institute 2012 14
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DIS experiment DS Rispenpad

= lepton-nucleon scattering leptSi” 2.

= hext leading order measurements
— Q% evolution of quark polarization
— high p; hadron pair measurement
— open charm measurement

Complementary approaches for AG
polarized p-p experiment polarized p-p experiment

= direct contributions from g-q and pion 0
g-g scattering proton (pol.)
= various channels for AG Z@;L fragmentatwn
measurement uon W%ﬁw
- %,—-w"
— open heavy quarks (this talk) quark
— directy - —
— etc... proton (pol.)
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' spin asymmetry of single electron production

A" 2009 p-p\s=200GeV

—:-: 0.15 ] —e— A:J : ; ]

.%b - [ | = syst. scale error from dilution factor ] _ expec te d open Char mA LL

» {}.006 | T I T I L) I 1 I 1 I L I i
v <0.5

\/5=200GeV '

mglee . kF———1

< 0.1k syst. error from rel. lum. and A

S : i : : E 0004 F
0'05-_ .......... . ........................ . ........................ . ..... ‘_ ........................ . ......... _‘: B

0.002 |

[ 1 0.002 | = Ag=g input
_0.05 -_ .......... ......................... Beosesssenannannannnennne | ........................ ( ........................ ........................ ‘ .......... —.1 : k_li%‘ll <td

L PMD( . f 1 0003 | —— Ag=0input .

L 5 7~ : .‘ Ag = CF :

_0 1 bisavasniena , ................. i B L RCCLTTITEI SPPUUCRORTIPPPRRLY EOTPRR-PUDIN TETRPRPRRPPRPRRRR: eeeeenens - B E lllpllt ]
o ! : [)rre ITT\IT\E!f)/ : : : ] 1 |

(not mcludmg 8.8% poJ scale error) ] 0 0 5 1.0 1 5 2 0 2 5
' - peharm [GeV/c]

[ | i | I i
0.15==35 i 1.5 2 2.5

§
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Ba'ckgrot’nd

for.the.Single Electron.Measurememni

PHENIX 05’ single e and BG cross section

dominant background |

p+p\s=200GeV (05' result)
[- photon conversmn background '\ -

05" single e cross section
total BG electrons (cocktail)
7°(n) = yy v — e (in material) e
" Dalltz decay Y conversion hotonic
— (o)
() > 7 ee 9%
= direct photon conversion N 2:"’“’

\_small, but significantat highp, /-

w—ee and 0—7"ee

—— {—ee and ¢—nee

[

direct 'y contribution J

non-photonic electron

= Heavy meson decay
Doe +X ( signal )
=« Kaon decay background )
Ke3:Ki—>7zoveei ~ a few% of
= vector meson decay non-photonic electrons | ‘
\ w,p,¢,J/t//,Y—>e+<atpT>0.50GeV/c }23

B, [GeVA]
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New*Analysis*viethod

forthe.Single Electron

- T cmicused w - electron analysis with HBD
o [ Ty ‘ ‘ . . .
1000 e — estimate the fractions of single e
" superposition clusters and merged clusters by
E .. g’;;""” ;"’ggg V/ fitting HBD charge distribution
.  0./5<p.<1. ev/c . .
e N ; — reject merged clusters with HBD
1000} charge cut effectively
g -"gcczé)p RECI T T " Dargﬁp’?” Yield of single electrons
2 A A electron yield spectra
m Yield Of Si ngle EIect rons is E i _.__._-:_. —— reconstructed electron
. o o ‘*L; 17 EL . ___._ —s— non-photonic electron
estimated with this method : | . Tocortucied
10°E o

—= . electrons

——
—a—
——
—a—

——
-

estimated a3

established a new analysis methoy
for sinale electron analysis " _
" B single electrons =]

P A ey
0 0.5 ! 1.5 2 2.5 3 3.5 4 b, féevfcf
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Check of Cross Section Spectrum

cross section of single electron production

= cross section of single o 10— T P8 e 2K N E= 200GV
o o W = r
electron production ST T R Hresul
. . 8 10"y (this-analysis) 2005 (PRL.97.252002)
— good consistency with 1;5 1% [ 11. A w2006 (preliminary)
previous measurements . | ' .
. . Y N T NS SRS S S :
= different analysis method £ .7 ".
from previous P ‘W/OHBD'..! ............................. s
revigus measurements) =a -
measurements (preyidus megsuraments) ey
_ & ktail : PH “ENIX ay N
converter & cocktal [ [ preliminary........... ———— E‘T ..... | T -
method for 2005 and ; o G
2006 results 10 I 2 3 f . GeVi

confirmation of the reliability
of the analysis method with HBD
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